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INTRODUCTION. 
So much has already been written on the occurrence of liquid 
and gaseous hydrocarbons, since their discovery on a commer­
cially important scale less than fifty years ago both in the Old 
and New Worlds, that it may seem superfluous to add to the 
mountain of literature already existing on the subject. It has, 
however, opcurred to me that as the subject is one of such 
general interest, and the petroleum industry is undergoing rapid 
developments every year, there may still be room left in Scot­
land, at least, where the mineral oil industry is a source of 
much scientific and economic enterprise, for describing in concise 
form some of the more salient characteristics of these natural 
products as they occur in other lands. It has also struck me 
that my ignorance of the geology of petroleum and natural gas, 
previous to my visit to the American oil regions in 1891, may 
be to some extent shared by readers who have not had the time 
or the opportunity to investigate the subject for themselves or 
wade through the writings of those who have made it a matter 
of special study. I propose, therefore, to describe briefly in the 
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following pages the results of some of the more important 
investigations into the geology of these valuable sources of 
energy, dealing with the theories as to the origin of natural oil 
and gas, their geological and geographical distribution, and the 
scientific and practical results of their discovery and develop­
ment. 
In the limited space at my disposal it is, of course, only 
possible to touch the very outskirts of such a vast subject, and 
anyone who wishes to go into greater details will find a valuable 
store of material in Prof. S. P. Peckham's " EepOrt on the Pro­
duction, Technology, and Uses of Petroleum and its Products," 
published in 1885 by the Department of the Interior Census 
Office, Washington. This volume contains a catalogue of the 
literature on the subject up to 1880. 
1. SOURCE OP NATURAL HYDROCARBONS. 
The original source of hydrocarbons in the stratified forma­
tions of the earth's crust is, apparently, the organic remains of 
former inhabitants entombed in these deposits. The question is, 
By what process of decomposition and rearrangement have these 
substances been brought into th§ir present simple chemical 
state, and stored in such a way as to burst forth in vast quantity 
in certain regions and under certain geological conditions ? The 
question is as much a chemical and* physical as a geological 
one, and to solve it we must often have recourse to other than 
purely geological methods of investigation. 
Petroleum and natural gas have a very wide distribution, 
both geographically and geologically, as they are found over 
wide areas in America, Eastern Europe, and Asia; while their 
geological range extends from the Lower Silurian up to the 
Tertiary system. It is thus clear that the physical conditions 
under which oil has been produced have prevailed at many 
places and periods in the world's history, and hence it is quite 
reasonable to suppose that there may have been differences in 
the exact process by which the same ultimate result has been 
arrived at, just as there have been variations in the precise 
manner of formation of many of the coal deposits in different 
countries. 
2. GEOGRAPHICAL DISTRIBUTION. 
Before dealing with the geology of petroleum, it may be of 
interest to note the chief countries and places where it is found 
in commercial quantities. 
The principal sources of supply of rock oil are at present 
Eussia and the United States, and especially the region extend­
ing from New York State south-westwards past Lake Erie, along 
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the western side of Pennsylvania and Virginia, through Ohio 
and Kentucky to the centre of Tennessee,—a broad zone some­
where about 700 miles in length, in which the majority of the 
productive wells of America are situated. Petroleum has, 
however, also been found in limited quantities to the west 
of this tract in Indiana, Illinois, and the southern part of 
Michigan, while on the Pacific Coast several productive wells 
have been found northwards from Los Arigelos in California. 
Isolated wells have been found in Alabama, Kansas, Louisiana, 
and a few other States, but the great bulk of the American oil 
is derived from the zone first described. 
Some small oil fields are also found in Canada, the most pro­
ductive of which lie within an area of about 11 square miles at 
the township of Petrolia in Western Ontario. Both solid and 
liquid forms of bitumen occur in numerous other parts of the 
New World, such as Mexico, the West Indies, Peru, and Vene­
zuela ; and in the Island of Trinidad there is a lake of pitch 
about 3 miles in circumference, which constitutes apparently 
the largest deposit of asphaltum in existence, and affords an 
inexhaustible supply of that useful form of solid hydrocarbon. 
In the Old World by far the most important' oil regions 
hitherto discovered are those of the Caspian, where the majority 
of the wells lie within a radius of 20 miles of the City of 
Baku. Petroleum is, however, also found in limited quantities 
in Europe, along the flanks of the Carpathians and the shores 
of the Adriatic, as well as in Denmark, and a few parts of 
France and Germany. In 1883 I visited a district at Oelheim 
near Peine, in the Duchy of Brunswick, where oil had been 
struck, and as the place resembled on a miniature scale one of 
the great American oil fields, with its forest of derricks, walking 
beams, and wooden shanties, it had been nicknamed the " New 
Pennsylvania," but the quantity of oil was very limited and 
had to be obtained by pumping, none of the wells at the time 
of my visit being of the valued flowing class. 
Small quantities of petroleum are occasionally found in Scot­
land in connection with the oil shales of the Lothians, the 
" Balm Wel l " of St Catherine's, near Edinburgh, being a well-
known example. While quite recently oil has been found in 
Somerset, but in, quantity far too small to be of economic 
value. 
Solid and liquid hydrocarbons are found in parts of Asia in 
considerable quantities. The Dead Sea or Lake Asphaltites is 
surrounded by deposits of asphaltum—the slime pits of the 
Bible—and during earthquakes masses of this substance, like 
small islands in size, rise to the surface and float on the dense 
waters. Bitumen and petroleum springs occur in Persia along 
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the Valley of the Euphrates and Tigris, while natural gas and 
oil issue from the ground at various parts of Thibet and 
Northern India, where the gas is burned in the Hindu temples. 
China appears also to have yielded petroleum at some places, 
while the natural oil industry of Japan has been carried on for 
more than 1200 years, and large numbers of wells were sunk 
before the great increase in the production of American oil put 
an end to the profits of that ancient business. 
Petroleum has been found in Burma, in Java, Borneo, and 
other islands of the Indian Archipelago, and is also known to 
occur in Australia and New Zealand at a few places. As the 
more remote regions are opened up it may be expected to be 
found over still wider areas, but at present we may note that 
both in the Old and New Worlds the greatest oil regions occur 
along the flanks of some of the chief mountain ranges. The 
great oil belt of the States runs alongside of the Appalachian 
uplift, while those of the Old World follow the lines of the 
Apennines, Carpathians, and Caucasus, and the mountain chains 
in Palestine, Indo-China, and Japan. 
3. GEOLOGICAL DISTRIBUTION. 
I have mentioned that solid and liquid and gaseous hydro­
carbons are found in all formations from the Lower Silurian 
to the Tertiary, but by far the greatest quantity of petroleum 
is at present obtained from strata of Silurian, Devonian, and 
Lower Tertiary age, comparatively little having as yet been 
found in the later palaeozoic or secondary formations of the Old 
or New Worlds. 
Oil and gas are found in Canada, New "York, and Ohio 
through a vertical succession of strata extending from the 
middle of the Carboniferous to the Trenton limestone of Lower 
Silurian age. The thickness of this immense succession of beds 
is, of course, very variable, but, roughly speaking, may be 
averaged at something like 6000 feet. It includes the lower 
productive coal measures, the thick Devonian shales and oil-
bearing sandstones, the oil-bearing corniferous limestone at the 
base of the-Devonian beds, the Upper Silurian shales, and 
Niagara limestone, and the Lower Silurian shales with the 
underlying Trenton limestone, which ancient horizon was, in 
1887, found to yield the supplies of oil and gas now being 
obtained in Ohio and Indiana in enormous quantities.1 
The following table, taken partly from Mr Joseph D. Weeks' 
1
 For a detailed account of this subject, see Mr Edward Orton's elaborate 
paper on "The Trenton Limestone as a Source of Petroleum and Inflammable 
Gas in Ohio and Indiana," published in the Eighth Annual Report of the U.S. 
Geol. Survey, Washington, 1889, pp. 477-662. 
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paper on "Petroleum in 1892," and partly from Charles A. 
Ashburner's paper on " Natural Gas," 1 gives a generalised list 
of the palaeozoic formations in New York, Pennsylvania, and 
Ohio, as now commonly accepted by American geologists:— 
.No . 
"xvii. GREENE COUNTY SERIES=Upper Barren Coal 
Measures of Ohio. From surface to top of 
Washington Upper Limestone, 
xvi. WASHINGTON COUNTY SERIES=Upper Barren Coal 
Measures. From top of Washington Upper 
Limestone to top of Waynesburg Sandstone, 
xv. MONONGAHELA SERIES=Upper Productive Coal 
Measures. From top of Waynesburg Sand­
stone to base of Pittsburg Coal, 
xrv. PITTSBURG SERIES=Lower Barren Coal Measures. 
From base of Pittsburg Coal to base of 
Mahoning Sandstone, in which small quantities 
of oil have been found. 
XIII. ALLEGHENY SERIES=Lower Productive Coal 
Measures. From base of Mahoning Sand­
stone to top of Homewood Sandstone, includ­
ing the Freeport, Kittaning, Brookville, and 
Clarion Coals, but producing no oil. 
XII. POTTSVILLE SERIES=Pottsville Conglomerate. 
From top of Homewood Sandstone to base 
of Olean Conglomerate, in which oil occurs 
in uncertain quantities, 
xi. MAUCH CHUNK=Sub-Carboniferous Limestone of 
Ohio. From base of Olean Conglomerate to 
top of Sub-Olean Conglomerate. Unim­
portant as to oil. 
x. POCONO SERIES=Waverley Series of Ohio. From 
top of Sub-Olean to top of Venango-Butler Oil 
group, including the Shenango Sandstone, Big 
Injun Oil Sand, Berea Grit, Pithole Grit, 
and Logan Sandstone and Conglomerate, from 
which oil and gas are obtained in considerable 
quantities. * 
> ix . CATSKILL SERIES=Old Eed Sandstone, absent in 
Ohio. Includes the Venango-Butler Oil group, 
the great oil-producing horizon of Pennsylvania, 
vni. CHEMUNG Sandstone and Shales=OHIO SHALE. 
Portage Sandstone and Shales=Cleveland,. Erie, 
and Huron Shales. 
i 
6 
1
 Read before the American Institute of Mining Engineers, St Louis, 1886. 
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No. 
viii. Genesse Shales and Slates, 
awifci Tully Limestone. 
Hamilton Sandstones and Flags. 
Upper Helderberg Limestone=Corniferous Lime-
c stone of Ohio. From base of Venango-Butler 
to top of Oriskany Sandstone, including the oil 
and gas sands of M 'Kean, Warren, Forest, and 
Elk counties of Pennsylvania; oil-producing 
horizon of Canada, 
vn. ORISKANY SANDSTONE (absent in Ohio), 
vi. LOWER HELDERBERG LIMESTONE. 
WATERLIME. 
SALINA and NIAGARA SHALES and LIMESTONES. 
v. CLINTON SHALES=CLINTON LIMESTONE of Ohio, 
iv. MEDINA SANDSTONE=MEDINA SHALE of Ohio. 
ONEIDA CONGLOMERATE, 
HI. HUDSON EIVER SHALES=Cincinnati Series of Ohio. 
- f I I ] 
g § I II. TRENTON LIMESTONE SERIES=Trenton Limestone 
| g ^  of Ohio. Bich in oil and gas in Ohio. 
I i. POTSDAM SANDSTONE=Potsdam. 
ACADIAN SERIES. 
ARCHAEAN. 
The great oil wells of the Caspian are found in loose sand­
stones or coarse sand-beds, apparently of Eocene age, as has been 
already mentioned, under conditions differing greatly from those 
of America. The natural hydrocarbons in California occur in 
highly inclined strata which are also of Tertiary age, and the 
Californian oil-fields differ in many respects from those of the 
Eastern States, one important difference being that they have 
asphaltum instead of paraffin as their base, and are more im­
portant as fuel than as illuminating products. . 
4. COMPOSITION OF PETROLEUM. 
The term "petroleum," or "rock oil," like "natural gas," 
relates to the origin rather than the composition of the sub­
stance. It denotes a mixture of several fluid or solid hydro­
carbons and other substances which are associated with one 
another in very variable proportions. Generally speaking, these 
constituents, whose specific gravity together is about 0*80, are 
divided into four classes, into which crude petroleum is separated 
during the refining process. These are— 
1. Naphthas, or the lighter hydrocarbons, of sp. gr. about 0'7* 
2. Light illuminating oils. 
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3. Heavy lubricating oils, sp. gr. 0*84 to 0*91. 
4. Besiduum, consisting either of paraffin or asphaltum. 
The petroleums of Pennsylvania yield on the average 10 to 
11% of naphtha, 75 to 78% of illuminating oil, 2 to 6% heavy 
oil, 2f to 4% of residuum, and 5 to 8% of water (loss). The 
term " kerosene " is sometimes used for the lighter illuminating 
oils, and includes a somewhat widely varying class of the more 
inflammable products of the distillation of petroleum, lightness 
in colour and specific gravity being their common characteristic. 
The flash point of kerosene, the standard of which has given 
rise to much discussion both here and in America, is the tem­
perature at which the oil gives off' inflammable explosive 
vapour, a temperature considerably below that at which the oil 
can be itself ignited. The flash point is low in proportion to 
the percentage of naphtha, which is itself highly inflammable,, 
and unless carefully separated renders lamp oil very dangerous 
for domestic use. All burning oils which have a flash point of 
less than 100° P. are dangerous, as lamps, especially if made of 
metal and used in a hot room, have been found to reach a tem­
perature varying from 85° to 125° F., and in many cases dis­
astrous explosions have resulted, especially with the worse 
constructed kinds of lamps. For the safety of the public, it is 
therefore clear that the only way to prevent possibility of ex­
plosions is either to prohibit by law the sale of illuminating oils-
with flash point under 100° F. for domestic lamps, or at least to 
compel merchants to let purchasers know the exact flash point 
of the oil they buy, so that the responsibility will rest on the 
buyer alone. A great deal of the American illuminating oil 
sold here has a flash point of 70° F., and the best Russian 
86° F., while much of the Eussian oil flashes at considerably 
lower temperatures, so that it is full time our Legislature took 
steps to enforce the higher standard, and enable us to use oil 
lamps without constant and unnecessary risk of explosions. 
The average percentage of commercial products obtained from 
the crude petroleum of 45° Beaum£, or 0*800 sp. gr., of New 
York, Pennsylvania, Ohio, and West Virginia, is as follows :— 1 
Gasoline . . . . 1 to 1*5 
" A.," " B.," and " C." Naphthas . 14-5 „ 15-0 
Illuminating Oil . . 50 „ 54*0 
Lubricating „ . . . . 17*5 
Paraffin W a x = 4 J lbs. per barrel . 2*0 
Loss 10-0 
1
 Peckham, p. 165. 
1 0 0 0 
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5. THE ORIGIN OP PETROLEUM AND NATURAL GAS. 
This subject, it need hardly be said, has given rise to much 
controversy and theorising. 
The discussion has been taken up by chemists and geologists 
alike, each regarding it from the standpoint of his own depart­
ment of science. The subject divides itself naturally into two 
parts. The first deals with the origin of the fluid and gaseous 
hydrocarbons, and the second with the reason of their present 
physical distribution.1 
The chemists who have investigated the matter have put for­
ward two main theories, the first of which refers the hydro­
carbons to a purely mineral origin, and the second to the agency 
of organic matter as the primary source from which they have 
been derived. It is needless to discuss the first or purely 
chemical hypothesis, which supposes the hydrocarbons to be due 
to the chemical action at high temperature of the alkali metals 
on carbonic acidulated water deep down in the earth's crust, 
as this theory deals with the matter from a purely chemical 
point of view, and is incapable of verification by the geologist. 
The organic theory, however, in one or other of its branches 
must, from all the evidence, be held to offer in some degree an 
explanation of the facts at issue, as it can be tested in the light 
of many observed phenomena taking place up to the present 
time. 
The decomposition of organic bodies, whether animal or 
vegetable, produces various forms of hydrocarbon, such as 
marsh or coal gas, and tar or oil, under certain conditions, as, for 
example, when these bodies are distilled in a retort, or when 
they undergo decay in the absence of air. Oily water fre­
quently exudes from peat mosses, and marsh gas or light car-
bonetted hydrogen bubbles up in every stagnant pool with 
rotting vegetable or animal matter at the bottom. So far all 
observers are now agreed, and up to this stage there is no need 
of far-fetched chemical theories to explain what is more or less 
a matter of common experience. After the organic origin is 
granted, however, there may be some difference of view as to 
the way in which the decomposition has been effected. 
Professor Sterry Hunt maintains that oil and gas are pro­
duced from the primary decomposition of organisms in the 
limestone or oil rock itself, while Professor J. S. Newbery holds 
1
 For a full discussion of this subject, see Ed. Orton on "The Trenton 
Limestone as a Source of Petroleum," &c, in U.S. Geol. Survey Eighth Annual 
Report, pp. 487-506. 
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that these products are derived from the secondary rather than 
the primary decomposition of such organisms, or that decom­
position has been associated with a slow process of distillation 
going on continuously in the strata. Professor S. F. Peckham, 
again, modifies Newbery's theory of distillation in referring 
the operation of the process to a definite period, which has 
long passed away. According to this view, the distillation was 
caused by the heat pervading the region at the time of the 
elevation and metamorphism of the Appalachian Mountain 
system. 
Of these three theories that of Sterry Hunt seems to satisfy 
the majority of the observed phenomena in the most natural 
way. Where a process can be carried out at ordinary tempera­
tures there is not much gain in supposing high temperatures to 
be necessary. Had the strata been so much affected by the heat 
accompanying the Appalachian uplift that their hydrocarbons 
underwent a process, of destructive distillation, as Peckham 
supposes, there would have been independent evidences of this 
metamorphic action, but all such are conspicuous by their 
absence in the great oil regions. In many tropical or semi-
tropical areas, on the other hand, the production of solid and 
other hydrocarbons from decomposing vegetation is still in 
operation. The pitch lake of Trinidad, already referred to, 
derives its asphaltum from bituminous shales of late Tertiary 
age, whose hydrocarbons are apparently due to the direct 
decomposition of vegetable matter in the shales which are un­
dergoing slow alteration at ordinary temperatures. 
In connection with the discussion of the origin of oil .shales, 
it may be noted that observation has shown that clay has a 
particular affinity for oily matter. Oily substances floating in 
muddy water have been found to attach themselves to the 
suspended particles of clay, and to sink to the bottom and pro­
duce a petroliferous stratum, which would ultimately become 
converted into bituminous or oil shale. This property seems 
to belong to clay in a much greater degree than to sand particles, 
and hence we have oil shales in abundance, while the sandstones 
between them have usually few traces' of original bituminous 
matter. 
The American oil sands appear, in many cases at least, to 
have derived their oil by a process of slow percolation from the 
bituminous shales below, and to have, from their porous nature, 
supplied reservoirs in which the oil, oozing from the shales, 
could accumulate in large quantities and circulate from one posi­
tion to another. There may, however, have in some cases been 
a direct production of hydrocarbon from the decomposition of 
organisms in the sand-beds themselves, but it is in the associated 
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shales that the great bulk of organic remains has been found, 
and it seems reasonable to suppose that it was the latter which 
formed the final resting-place of the rich flora of the period. 
The occurrence of large quantities of oil and gas in the 
Trenton and other limestones opens up another field for dis­
cussion. In the case of the productive oil sands the porous-
stratum is covered by an impervious bed of shale, and when 
the reservoir is a limestone, it is also covered by an impervious 
shale bed, without which no great accumulation of oil, in 
America at least, can be expected. The oil found in limestone 
has apparently been produced in the rock by direct decomposi­
tion of organisms originally inhabiting the water in which it 
was deposited. Limestone oil has, however, as a rule, more 
sulphur and nitrogen than shale oil, and appears to be derived 
from animal remains, while the lighter shale oils of America 
seem to owe their origin chiefly to the decay of vegetation. 
The limestone oils of Canada, Kentucky, Tennessee, Ohio, 
and California are easily distinguishable from the oils of Penn­
sylvania by their dark colour, higher specific gravity, and rank 
disagreeable odour, which diminishes their commercial value 
considerably. 
The Lower Silurian Trenton Limestone—the valuable oil-
bearing stratum of Ohio—has been found to be very porous, its. 
porosity being almost invariably connected with its chemical 
constitution. It is a dolomite more or less pure wherever it 
contains oil and gas in any quantity, and there is evidence of 
a transformation of its component calcite into dolomite in the 
upper part of the bed at a period subsequent to its deposition. 
Its porosity results apparently from the highly crystalline 
character it has assumed during the process of dolomitisation, 
the spaces between the interlacing crystals forming channels for 
the percolation of fluids in the rock. Wherever the Trenton 
limestone assumes its normal character and ceases to be dolo-
mitic, it ceases also to be markedly petroliferous in character— 
a fact of great importance in the search for new oil fields from 
this horizon. 
6. MODE OF ACCUMULATION OF OIL AND GAS. 
Having thus touched on the theory of their origin, we may 
next consider the way in which natural gas and petroleum have 
become accumulated in large quantities in certain places. 
In America, what is known as the Anticlinal Theory of the 
distribution of oil and gas has been worked out in great detail 
by Professor I. C. White and others, and this hypothesis is novr 
generally accepted as the true explanation of the phenomena, 
observed in all the great oil fields of the world. 
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Oil wells yield three products—gas, oil, and brine. In some 
cases only one of these is found, in others, first oil, then brine; 
the oil, which often comes up the hole at great pressure, being 
usually associated with more or less light carburetted hydrogen 
gas. 
After much investigation it has been generally established 
that where the strata fie in great flat anticlines and synclines, 
the wells drilled along the crest of these flexures yield gas, 
these in the troughs give only brine, and the intermediate 
zone is that in which there is most probability of finding oil. 
The explanation is obvious; the original heavy salt water in 
the porous rock, when it became mixed with oily matter, derived 
from decomposing organisms, gradually sank to the lowest 
position it could reach, leaving the oil floating on its surface, 
while the gas, being still lighter, was forced up to the crown 
of the arch, where it remained under great pressure imprisoned 
beneath the impervious bed covering the porous reservoir. 
This theory gives a general explanation of the observed 
phenomena, but it often occurs that there are apparent excep­
tions. Some wells are productive, while others near them may 
be " dry holes," and the explanation seems to be in the fact that-
although the oil is confined to particular strata or "sands," 
where alone it can be expected, yet these beds are not uniformly 
porous, and the well may strike a close-grained area through 
which no fluid can find its way. There may again be small local 
flexures, which will naturally influence the distribution of the 
iluids within limited areas, without affecting the validity of the 
general hypothesis. 
To Scottish geologists, accustomed to areas where long stretches 
of almost undisturbed formations are practically unknown, it 
may seem curious that there should have been any difficulty in 
establishing the anticlinal theory of the occurrence of oil and 
gas. The American oil fields, however, occur often in regions 
where the rocks are very flat, the inclination being so slight 
that it is a matter of much difficulty to ascertain the trend of 
the main flexures beneath, and the surface of the country is a 
featureless plain deeply buried under a covering of soil and drift, 
and often nearly destitute of natural rock exposures. It is, no 
doubt, greatly due to the slight disturbance and absence of 
faults, that the free circulation of the imprisoned fluids is 
possible, and although oil might occur in sandstones in other 
regions, if there were many faults or evidences of disturbance 
such as are common here, it stands to reason that any such oil 
could not accumulate in quantity sufficient to afford other than 
a very limited supply, derived entirely from the strata in the 
immediate vicinity. 
June 9, 2015
 at Purdue University Library onhttp://trned.lyellcollection.org/Downloaded from 
6 2 EDINBURGH GEOLOGICAL SOCIETY. 
7. OIL FOUNTAINS OF THE CASPIAN. 
The great oil-producing region of the Old World is at Baku 
on the Caspian, where the industry has of late years, owing 
chiefly to the enterprise of the Nobel Brothers, attained to such 
dimensions, that the Russian oil wells are now producing nearly 
as much as those of the United States. The oil wells of the 
Caspian have been used for 2500 years, and the gas issuing 
from the huge naphtha deposits of that region has for long 
centuries kept alive the altars of the ancient fire worshippers of 
the East. 
The oil and naphtha are here found in rocks of Eocene age, 
and the soil needs only to be scratched to give off its inflam­
mable vapours. The Baku wells are not nearly so deep as those 
of America, as fountains of petroleum are usually struck at 
depths of less than 1000 feet, while the American wells are 
frequently drilled to depths of 2000 feet or more before the oil 
is reached. At Baku, again, the oil seems to lie in great cavities, 
due perhaps to the subsequent folding or faulting of an older 
set of anticlinal oil sands, so that one productive well may 
often be sunk close to another without affecting its produc­
tion. In the States spouting wells are common enough where 
the fluid ascends under great pressure, and if the hole be 
not securely plugged up, rises high into the air in a lofty 
fountain, one of which I was fortunate enough to see in 1891, 
near the township of M'Donald. In this case, on the " cap " 
being removed, the oil spouted high into the air. 
The spouting wells of the Caspian, however, far outstrip their 
American competitors in volume and energy. Mr Charles 
Marvin, in his fascinating book, the "Region of the Eternal 
Fire," gives graphic accounts of these marvellous eruptions, from 
which the following examples are taken. 
The first oil fountain on the Caspian occurred in 1873, when 
a reservoir of oil was suddenly struck by the boring tool. The 
fluid rose 40 feet into the air, and the flow was so great that 
the price of crude petroleum fell from 45 to 5 copeks the pood, 
or about from 2^d. to |d . per gallon, since which it has never 
risen above £d. per gallon. 
In 1875 a third fountain was tapped, which spouted 600,000 
gallons of oil every 24 hours, and other eruptions, more or less 
violent, occurred shortly afterwards in the district, from which 
such floods of oil were ejected as to defy collection and form 
lakes of oil in the vicinity, some of which are still in existence, 
and others have been burnt off to clear the ground. 
Another great fountain occurred in 1883. A 12-inch tube 
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was employed, and at a depth of 420 feet there was a terrific 
outburst of gas, which was repeated at a depth of 490 feet. At 
546 feet there was a third explosion, which hurled'the pumping 
cylinder into the air and smashed the top of the derrick to 
pieces. A jet of dry sand and grit began to spout into the air 
to a height of nearly 400 feet. This sand volcano lasted for 45 
minutes, and was followed by a furious blast of gas which 
poisoned the atmosphere at Balakhani for the rest of the day. 
A cap was, after much trouble, fixed on the hole so as to stop 
the flow of oil which came afterwards, and as there was then no 
demand for petroleum, the well was stopped until required. 
The great fountain of 1883—the Droojba—exceeded in 
magnificence anything that had hitherto been heard of, and 
its fame spread into every part of Europe. The depth of this 
well was 574 feet, and during the first four months the quantity 
of oil that burst forth like a mighty geyser was reckoned at 
220,000 tons, or about 55,000,000 gallons, the vast majority of 
which, for want of adequate storage accommodation, flooded the 
surrounding country, and then rah off in a broad stream into 
the Caspian, where it was utterly lost. Sand and stones were 
hurled high into the air, and the^top of the derrick, which was 
70 feet high, was blown off with the first eruption, after 
which the column of oil and sand shot upwards to heights of 
200 to 300 feet, rising or falling according as the 10-inch 
orifice of the well was open or temporarily choked with 
occasional pieces of stone. The remarkable feature of this 
well was, that instead of making its owner a millionaire, as 
would have been the case in America, it both ruined him and 
broke the heart of the engineer who bored it. The reason was 
that the fountain belonged to a small Armenian company., 
which had enough ground for a well, but not enough for large 
reservoirs. The oil flowed over neighbouring properties, and 
was partially caught and sold by those on whose land it 
trespassed, and the quantity was so great as to reduce the 
price enormously, while at the same time the deluge of sand 
did so much damage in swamping the neighbouring wells and 
houses, that the amount of compensation claimed from the 
Droojba company far exceeded the value of the oil recovered by 
them. 
Up till 1883 the Droojba, which spouted 3400 tons of oil 
a day,—nearly as much as the 25,000 wells of America put 
together,—had been looked on as a phenomenon the like of 
which would never be heard of again. It wasj however, 
surpassed by the Tagieff eruption in 1886, which, for a few daysy 
belched forth, from a 10-inch orifice, in one stupendous column, 
no less than 11,000 tons, or about 2 | million gallons, of petro-
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leum per diem. This well, belonging to Gospodin Tagieff, was 
situated on the promontory of Bybyibat three miles south of 
Baku, and was commenced in 1884 in a hitherto comparatively 
unproductive district. At its best it had not at first yielded 
more than J 6,000 gallons a day—a production insufficient to 
excite competition at Baku. As the production diminished it 
was deepened to 714 feet, when the main reservoir was 
suddenly tapped, and the oil burst forth with terrific violence. 
The eruption covered hill and dale with sand and oil, and 
nothing could be done to stop the flow. The petroleum filled 
up the hollows, formed a lake, and on the fifth day began 
pouring into the sea at the rate of 5000 or 6000 tons daily. 
On the sixth day the wind freshened, and the oil fell in showers 
on the houses of Baku, three miles away, and the maximum of 
2f million gallons a day was reached on the eighth day, after 
which the flow began to abate. By the fifteenth day the pressure 
had so far diminished as to allow of the outflow being controlled 
to a quarter of a million gallons by the engineers in charge, but 
not before nearly 10 million gallons had been lost for want of 
adequate storage at the well. 
Still greater fountains have been struck within the last two 
years, one of which, at a depth of 1100 feet, started off with 
100,000 barrels, or about 16,000 tons a day. In March 1892, 
several large fountains on the Apsheron Peninsula produced at 
first no less than 2,000,000 poods, or 32,258 tons, a day for 
a short time.1 
8. NATURAL G A S : ITS COMPOSITION. 
Every oil well contains more or less " Natural Gas " of an 
inflammable character associated with the petroleum. But in 
oil regions gas wells without oil are, as has been already stated, 
found by boring along the crest lines of anticlinal flexures. 
This substance is not a definite, chemical compound, but a 
mixture of gases, the principal constituent being Marsh Gas 
or light Carburetted Hydrogen (CH 4), with usually some free 
Hydrogen, Ethyl Hydride (C 2H 6), Olefiant Gas (C 2 H 4 ), Oxygen, 
Nitrogen, Carbonic Oxide (CO) and Carbonic Acid (C0 2 ) . The 
relative proportions of these constituents are very variable, and 
sometimes they are not all present, or there may be in addition 
small quantities of other gases, such as Sulphuretted Hydrogen 
H 2S. An analysis of the Fihdlay Gas from the Trenton l ime­
stone, made in 1885, by Professor C. C. Howard, of Starling 
1
 Consular Report for 1892 on Trade of Batoum, No. 1191, and American 
Manufacturer, 2nd February 1894. 
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Medical College, Columbus, for the Ohio Geological Survey, 
gave the following results :— 1 
Marsh Gas (CH 4) 
Olefiant Gas (C 2H 4) 
Hydrogen . 
Nitrogen 
Oxygen 
Carbonic Acid 
Carbonic Oxide 
Sulphuretted Hydrogen (H 2S) 
92-61 
0*30 
2-18 
3-65 
0-34 
0*26-. 
0-50 
0-20 
100-04 
The percentage of Marsh Gas is often much lower than this, 
although in some cases it rises to 94% in the Findlay Gas 
district. The composition of the gas in the. same well has also 
been found to vary from time to time, as the following analyses 
will show. These analyses were taken from one well on 18th, 
25th, 28th, 29th October, and 4th December 1884, and are 
quoted at p. 23 of Mr Chas. A. Ashburner's paper on " Natural 
Gas," read before the American Institute of Mining Engineers, 
October 1886 :— 
Marsh Gas, 
Hydrogen, 
Ethylic Hydride, 
Olenant Gas, 
Oxygen, 
Carbonic Oxide, 
Carbonic Acid, 
Nitrogen, 
CH 4 
H 
C 2 H 6 
C 2 H 4 
O 
CO 
C 0 2 
N 
(a.) (6.) (c.) (d.) («.) (/•) 
57-85 75-16 72-18 65-25 60-70 49-58 
9-64 14-45 20*02 26-16 29-03 35-92 
5-20 4-80 3*60 5-50 7-92 12-30 
0*80 0*60 0*70 0-80 0*98 060 
2-10 1*20 1-10 0-80 0-78 0*80 
TOO 030 100 0*80 0-58 0*40 
o-oo 0*30 0-80 0*60 o-oo 0*40 
23*41 2-89 o-oo o-oo o-oo o-oo 
10000 9970 99-40 99-91 99*99 100*00 
The variations in this table are remarkable, especially in the 
column (a) where the enormous quantity of Nitrogen indicates 
a different source of the gas on the day the sample was taken, 
and perhaps also the admixture of more air than usual with the 
gas.-
9. PRESSURE OF NATURAL GAS. 
The extraordinary pressure which the gas exerts in most 
wells is a subject of much interest, both scientific and economic, 
as it is this condition which enables the gas to be conveyed long 
distances, and used in immense quantities for lighting and 
1
 Orton, Trenton Lime8tonet loc. cit., p. 59}. 
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heating cities often many miles from the source of supply. The 
following examples, taken from Peckham's report (p. 243), provide 
much interesting material for reflection. 
In some instances the gas, which has been securely retained, 
has been conveyed in pipes to the cylinder of a steam engine, 
and employed directly to drive the engine as if it were high 
pressed steam. This was done at the Roy Well, near Kane, 
Pennsylvania, where the engine was more than a quarter of a 
mile off. Sometimes a well has been drilled through a watery 
stratum or feeder before reaching the gas, and the struggle 
between the two elements in their haste to escape has produced 
a splendid display, the water being shot up in huge jets at 
regular intervals like a geyser. In a well of this kind near 
Gambier, Knox County, Ohio, the w&ter round the hole became 
frozen into a solid pipe, and the gas could be safely ignited 
without danger to the derrick, which was covered with ice. 
The effect, especially at night, of the mingled column of water 
and fire leaping up in fierce roaring paroxysms to a height of 
120 feet, through a transparent illuminated chimney, is said to 
have been indescribably magnificent.1 This freezing up of the 
well brings to notice another phenomenon sometimes observed 
in gas wells. The sudden expansion of a large volume of im­
prisoned gas naturally causes a great fall in its temperature at 
the orifice of the well. Cases have been recorded where the 
cold became so great that the ice which formed in the pipe com­
pletely closed it. This occurred at Sheffield, where, after the 
well was thus choked, the ice had to be drilled to a depth of 100 
feet before it was reopened. When it was pierced the pressure 
was so great that the tools and casing were shot out through the 
top of the derrick. 
The amount of pressure in gas wells has often been measured. 
It frequently reaches 500 lbs. per square inch, and sometimes 
rises to 700, 800, or even 1000 lbs. In the spouting oil well, 
which I was fortunate enough to see near M'Donald town­
ship, Pennsylvania, the pressure was so great that when the 
" cap " was removed the heavy boring-tool, 8 inches in diameter 
and about 30 feet long, was shot upwards a short distance, 
and was followed by a mingled jet of gas and oil, which 
mounted 100 feet into the air. The roar of a high-pressure 
gas well when the orifice is open is perfectly deafening, and 
if the gas is ignited its flare can sometimes be seen 40 miles 
away. In the Ohio district, which I visited in 1891, the 
whole locality was lit up at night with blazing jets of gas, 
and so plentiful was the supply, that at many places it was 
1
 Peckham, loc. cit, quoting Prospectus of the Neff Petroleum Company, 1866. 
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not thought worth while to conserve or turn off the gas 
during the day, the greater part of which was allowed reck­
lessly to go to waste in the atmosphere. 
The cause of the enormous pressure of natural gas is to be 
explained in two ways. The theory which meets most of the 
facts is a simple one, but is not, I think, of altogether universal 
application. According to this hypothesis, the pressure in gas 
wells is due to the same cause as the pressure in the gas 
mains of a town, viz., the column of water behind it.1 
The oil and gas sands are full of brine, whose hydrostatic 
pressure is proportional to the depth of the well or the height 
of the column in the strata from the surface-level downwards. 
A column of pure water 20 feet high produces a pressure of 
9 lbs. per square inch, and a column 1000 feet high will, in the 
same proportion, exert a pressure of 450 lbs. While if the 
water contains salts, its increased weight will make the pressure 
still greater. When gas is struck at a depth of 1000 feet, there­
fore, if there is, as there must be, according to the anticlinal 
theory, a porous stratum permitting tolerably free circulation of 
fluids, the pressure at the bottom of the hole may at first, at all 
events, be naturally expected to reach 450 lbs. or more, which 
will, of course, be'also the pressure, or nearly so, of the gas at 
the orifice of the well. In the case of a spouting oil well the 
pressure cannot be so great, as the oil, although lighter than 
water, is much heavier than gas, and the pressure required to 
eject the oil is that due to the difference in weight of the two 
columns. Petroleum, however, in such cases usually comes up 
largely mixed with gas, so that in reality the oil in the pipe is 
much lighter than when in its normal state, and hence the 
pressure exerted is higher than that theoretically due to the 
difference just stated. In the case of the great Droojba foun­
tain at Baku, the pressure is stated to have exceeded 13 
atmospheres, or about 190 lbs. per square inch, and the depth 
of the well was 574 feet.2 If the first of these figures be 
correct, and there were no gas mixed with the oil, it is 
difficult on this theory to explain the force of the outburst. 
Eoughly speaking, a column of oil with sp. gr. 0*8 is | 
lighter than an equal column of water, so that the difference 
of pressure at a depth of 574 feet would be equal to a 
column of water i of 574=125 feet high, or about 54 
lbs. per square inch instead of 190 lbs. If this theory is 
applicable here the brine behind the oil must have been very 
heavy indeed, and the oil must have been reduced in specific 
1
 See Orton on the Trenton Limestone, loc. cit.t p. 593. 
3
 Marvin, " Region of the Eternal Fire/' p. 229. (1891 ed.) 
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gravity by mixture with several times its bulk of gas. On 
the other hand, it was often heavily charged with stones and 
sand; and although there was some gas present, yet it is 
difficult to see how the ascending column could have been 
rendered light enough to burst forth and produce such a 
deluge of oil by hydrostatic pressure alone. 
Another phenomenon, known as a " gas volcano," has been 
observed in America, which seems inexplicable by the hydro­
static pressure theory alone. In the valley of the Cumberland, 
near Burkesville, in Southern Kentucky, frequent cases have 
been observed,1 where the pressure of the imprisoned gas, ap­
parently being generated beneath impervious strata, has so in­
creased as to overcome the superincumbent weight from time to 
time, and throw off the overlying rock, earth, and water, in the 
explosion. These considerations lend weight to the second 
theory that the gas in some cases produces its own pressure 
during the change in volume, when passing from the solid state, 
in which its constituents were originally present in the strata, 
to its ultimate gaseous condition. Anyone who has been down 
a fiery coal pit cannot fail to have noticed the pressure at which 
the gas comes hissing from the u working faces " of the coal, and 
in this case there is no hydrostatic pressure behind it. As a rule, 
however, I think that the first theory explains more or less 
adequately the uniform pressure observed over a gas field in 
different wells, and that the second theory is only applicable in 
a limited number of cases, and may help to explain the initial 
abnormally high pressure, such as has been observed at Baku 
and elsewhere, which has produced explosions, the effect of 
which, although tremendous at first, has not been of long dura­
tion. According to the hydrostatic hypothesis, again, the 
greater the depth of the well the greater will be the pressure of 
the gas, and this has, as a general rule, been fully borne out by 
observation. There can, therefore, on the whole be no great 
difficulty in Accepting this as a sufficient explanation of the 
phenomenon of pressure observed in the most important fields 
of natural gas and oil. 
10. PRODUCTION OF PETROLEUM IN AMERICA, 
A few words on the economic aspects of the natural gas 
question may form a .fitting conclusion to these observations. 
The question is often asked> How long are these supplies of fuel 
to last ? From what has been said, the answer must be obvious. 
The same answer is given to the question of the durability of 
1
 Peck^ ham's Report, p. 243. 
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our coal fields. The natural supply of fluid hydrocarbons, as of 
coal, is limited, and will never be increased; and further, the 
age of a productive oil well does not generally exceed five years 
in America, and is very often much less. A spouting oil well 
does not continue to gush forth for many weeks if allowed to 
flow freely. It soon degenerates into a flowing well and. then 
into a pumping well, whose production dwindles away and 
finally ceases to be remunerative, so that, unless new wells are 
continually being discovered, the output must fall off and then 
cease entirely. 
The vast supplies of natural gas, for example, in the vicinity 
of Pittsburg, which for some years lighted the city and super­
seded coal in its ironworks and manufactories, are now beginning 
to give out. When the gas was introduced the murky pall of 
smoke that formerly covered the town was banished, and the air 
became clear and wholesome, but now^the visitor notices the 
return of the smoke, and in a few years the atmosphere may 
return to its old condition. The skill which has been expended 
in the development of the oil and gas wells of the States, and 
the conveyance of these precious products through many 
hundreds of miles of pipe-lines from the source to the market, 
has been marvellous, and will ever form a monument to the 
inventive genius of the Americans. It is only equalled by the 
skill and perseverance of our own oil manufacturers in Scotland, 
who have, in the face of crushing competition from more- fav­
oured lands, been able to produce mineral oil and its accessories 
by distillation from the native shale, and to keep their works 
afloat under difficulties sufficient to appal the stoutest heart, 
and which, but for the perfervidum ingenium Scotorum, would 
long ago have put ah end to all our oilworks,—a fate which 
has, indeed, already overtaken several of them. 
It was the success of Mr Binney and Mr James Young in 
distilling oil from the Boghead Cannel in the early fifties that 
really started the modern oil industry both here and in America. 
The first mineral oil produced in the United States was by 
distillation from coal tar mixed with cheap animal and vegetable 
oils, and subsequently from Albert coal or Albertite, a kind of 
asphaltum obtained from New Brunswick, and bituminous coal 
and shale from many other places. Experiments in this process 
were carried on by Messrs Luther and William Atwood, near 
Boston, in 1850-1, and by Mr Joshua Merrill, who joined them 
in 1854, and these three men were the pioneers in the manufac­
ture of American paraffin oil. Boghead Cannel was imported 
in 1859, and distilled in some works, while the rich Cannel 
coals of West Virginia and Kentucky were treated similarly in 
others. 
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The year 1859 marks the starting point of the new American 
oil industry. For some years previously attention had been 
turned to the oil oozing out of the ground at certain places, and 
attempts had been made to collect and use it commercially. 
But the first really important oil well was that sunk at Titus-
ville, Pennsylvania, by Mr E. L. Drake, who drilled a hole 33 
feet deep, on 28th August 1859, when the tool dropped 6 inches 
into a crevice, and next day found the hole nearly full of 
petroleum. Henceforward drilling began over a wide district, 
and many flowing wells were found. In June 1860 the total 
daily product of all the wells was about 200 barrels. By Sep­
tember 1861 this had reached 700 barrels when the flowing 
well period began, adding to the production 6000 or 7000 
barrels a day. The price of oil fell to 20, 15, and 10 cents, a 
barrel (of 42 gallons capacity), which so disheartened the 
operators that many of them gave up in despair, and the pro­
duction languished for some years. It did not at first increase 
very rapidly, but after 1865 a steady improvement began, and 
the subsequent history of the production is related in a line on 
the accompanying diagram (plate II.), constructed from the table 
on the following page, taken from Mr Joseph D. Weeks' Report on 
Petroleum in 1893,1 a copy of which the author has kindly sent 
me. The average prices for the same period are aiso shown 
graphically in a dotted line. From this table it will be observed 
that up till 1876 nearly all the American petroleum was 
obtained from the States of Pennsylvania and New York. In 
1885* after the discovery of oil in the Trenton Limestone, the 
Ohio and West Virginian oil fields began to pour in their 
increased quota, and about the same
 t time the Californian 
Miocene oil supplies grew in importance, and shortly afterwards 
Colorado and Indiana were added to the list of petroliferous 
states. The production of American petroleum reached its 
zenith in 1891, and the two foliowiug years show a marked 
decline in the older fields of New York and Pennsylvania, 
whose production has fallen from 33 to 20 million barrels 
during this period. The approaching exhaustion of the Eastern 
oil fields is being partially compensated for by the growth of 
the West Virginia and Indiana oil regions, but the net result is 
a decrease of about 6 million barrels since 1891, so that unless 
new fields are opened up soon, the production of American 
petroleum is not likely to increase very much in the near 
future. Prices reached low water mark in 1892, and started to 
move upwards last year as the supplies began to diminish. 
1
 " Mineral Resources of the United States." Washington, 1894. 
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[Barrels.] 
Pennsyl­
vania and 
New York. 
Ohio. West Vir­ginia. Colorado. California. Indiana. 
Kentucky 
and 
Tennessee. 
Illinois. Kansas. Texas. Missouri. 
Indian 
Terri­
tory. 
Total 
United 
States. 
Yearly Prices 
per Barrel. 
2,000 
500,000 
,2,113,609 
3,056,690 
2,611,309 
2,116,109 
2,497,700 
3,597,700 
3,347,300 
3,646,117 
4,21fi,000 
5.260,745 
5,205,234 
6,293,194 
9,893,786 
10,926,945 
8,787,514 
8,968,9*6 
13,135,475 
15,163,462 
19,685,176 
26,027,631 
27,376,509 
30,053,500 
23,128,389 
23,772,209 
20,776,041 
25,798,000 
22,356,193 
16,488,668 
21,487,435 
28,458,208 
33,009,236 
28,422,377 
20,814,513 
5200,000 
31,763 
29,888 
38,179 
29,112 
38,940 
33,867 
39,761 
47,632 
90,081 
650,000 
1,782,970 
5,018,015 
10,010,868 
12,471,466 
16,124,656 
17,740,301 
16,362,921 
16,249,769 
63,000,000 
120,000 
172,000 
180,000 
180,0(0 
179,000 
151,000 
128,000 
126,000 
90,000 
91,000 
102,000 
145,000 
119,448 
544,113 
492,578 
2,406,218 
3,810,086 
8,445,412 
76,295 
297,612 
316,476 
368.842 
66M82 
824,000 
594,390 
6175,000 
12,000 
13,000 
15,227 
19,858 
40,552 
99,862 
128,636 
142,857 
262,000 
325,000 
377,145 
678,572 
690,333 
303,2*0 
307,360 
323,600 
385,049 
470,179 
33,375 
63,496 
136,634 
cl60,933 
4,755 
4,148 
5,164 
4,726 
4,791 
5,096 
5,400 
6,000 
9,000 
6,500 
3,000 
1,460 500 
,200 
,400 
48 
54 
54 
45 
50 
20 
278 
25 
10 
50 
80 
10 
Total.., 478,492,880 96,990,189 20,481,855 3,143,097 4,769,450 3,266,866 219,513 1,460 3,100 120 
2,000 
500,000 
2,113,609 
a3,056,690 
2,611,309 
2,116,109 
2,497,700 
3,597,700 
3,347,300 
3,646,117 
4,215,000 
5,260,745 
5,205,234 
6,293,194 
9,893,786 
10,926,945 
612,162,514 
9,132,669 
13,350,363 
15,396,868 
19,914,146 
26,286,123 
27,661,238 
30,510,830 
23,449,633 
24,218,438 
21.847,205 
28,064,841 
28,278,866 
27,612,025 
35,163,513 
45,822,672 
54,291,980 
50,509,136 
48,412,666 
607,369,164 
0.49 
1.05 
3.15 
8.06 
6.59 
3.74 
2.41 
3.84 
4.34 
3.63 
1.87 
1.15 , 
1.36 
2.56* 
2.42 
1.19 
0.85& 
0.944 
0.85| 
0.78| 
1.051 
0.83} 
0.87& 
0.71* 
0.66f 
0.87$ 
0.94|. 
0.86| 
0.67 
0.55| 
0.64 
a In addition to this amount, it is estimated that for want of a market some 10,000,0C0 barrels ran to waste in and prior to 1862 from the Pennsylvania 
amount from West Virginia and Tennessee. 
6 Including all production prior to 1876 in Ohio, West Virginia, and California. 
c This includes all the petroleum produced in Kentucky and Tennessee prior to 1883. 
; also a large £j 
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11, THE EUSSIAN OIL INDUSTRY. 
While the production of American petroleum has thus at 
present apparently reached high-water mark, the output from 
the. Caspian wells is steadily rising, and these bid fair very 
soon to outstrip their Western competitors, and supply the Old 
World with most of its liquid fuel and kerosene. From 1877, 
when the Nobels began operations at Baku on intelligent 
modern principles, such a3 had been adopted in America, and 
the Eussian Government removed all taxes and restrictions, the 
oil industry sprang up and developed at a marvellous rate. 
Up till 1871 the oil wells were sunk as pits, of which, in 1872, 
there were 415. In 1871 the first well was drilled on the 
American system, and henceforward this system came into use 
all over the oil district. The number of drilled wells in 1872 
was 2, in 1874 50, in 1876 101, in 1879 301. At the encLof 
1893 324 wells were producing oil over a district, not exceeding 
3000 acres in extent, 46 old wells were being cleaned out and 
repaired for work, and 59 new wells were being drilled. The 
new wells are often deeper, as has been already mentioned, than 
those of the last decade, but there is no sign as yet of general 
exhaustion of this wonderful oil field, and the fact has been 
referred to above that in March 1892 the production of the 
wells on the Apsheron peninsula reached for some time the vast 
total of 32,258 tons of oil per diem when several large fountains 
were first struck. In November 1893 a well was struck at a 
depth of 109 feet, which at first yielded 100,000 barrels, or over 
16,000 tons per diem, but soon settled down to less than a fifth 
of that production. Another fountain, struck at 1100 feet, as 
already mentioned, started off at the same rate of flow, which it 
maintained for some days. 
Although by far the largest production of Caspian oil is as 
yet derived from the Apsheron peninsula, recent explorations 
have proved oil to exist in great abundance at Grosni; on the 
Vladikavkaz railway, and it is reported that this district bids 
fair, when adequately developed, to become a very formidable 
competitor to Baku. 
. The figures given in the following table are taken from dif­
ferent sources, and it is to be noted that the totals are only 
approximate, as the returns obtained by different authorities 
vary very considerably owing to the difficulty of getting accu­
rate reports on the ground. From 1863 to 1886 inclusive my 
authority is Marvins' "Begion of the Eternal Fire" (1891 
edition). For 1887 the British Ambassador at St Petersburg is 
the source, and from 1888 to 1893 the figures are obtained from 
the British Consular Eeports on the Trade of Batoum. The 
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returns for the last five years are from the 1894 Eeport, which, 
it may be mentioned, differ slightly from the figures given in 
the individual reports for these years. For purposes of com­
parison with the American returns, I have given the production 
both in tons and in American barrels, 7 barrels being taken as 
equal to 1 ton. As the Eussian production is often given in 
poods (pouds or puds), it may be mentioned that 1 pood= 
36112 British pounds, or about 4 gallons, 62 poods being= 
about 1 ton of oil. An American barrel of 42 Winchester 
gallons contains only 35 imperial gallons, and, assuming that 
Eussian oil has an average specific gravity of 0*875, an 
American barrel contains 10*18 poods. 
PRODUCTION OP CRUDE PETROLEUM AT BAKU 
(in tons and American 42-gallon barrels). 
Tons. Barrels. Tons. Barrels. 
1863.. 5,484 38,388 . 1879. 370,000 2,590,000 
1864.. 8,700 60,900 1880. 420,000 2,940,000 
1865.. 8,900 62,300 1881. 490,000 3,430,000 
1866.. .. . .11,100 77,700 1882. 680,000 4,760,000 
1867.. . . . .16,100 112,780 1883. 800,000 5,600,000 
1868.. . . . .11,900 83,300 1884...1,435,000 10,045,000, 
1869.. . . . .27,180 190,260 1885. .1,780,000 12,460,000 
1870.. . . . .27,500 192,500 1886. .2,000,000 14,000,000 
1871 . . . . . .22,200 155,400 1887. .2,116,000 14,812,000 
1872.. . . . .24,800 173,600 1888. .2,580,000 18,060,000 
1873.. . . . .64,000 448,000 1889. .3,315,203 23,206,421 
1874.. . . . .78,000 546,000 1890., .3,857,335 26,201,345 
1875.. . . . .94,000 658,000 1891. .4,657,506 32,602,542 
1876.. ...194,000 1,358,000 1892...4,621,107 32,347,749 
1877.. ...242,000 1,694,000 1893.. .5,436,318 38,054,226 
1878.. ...320,000 2,240,000 
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